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[Object] 

It is an object of the present invention to provide an optical transmission 
electronic circuit substrate device which can give transmission light directly from 
light-emitting side to plural substrates in light-receiving side. 
[Means for Solving the Problem] 

In order to attain the above object, the present invention is characterized by 
setting optical transmission electronic circuit substrates 21, 31 and 41 in multiple layers, 
forming light-receiving parts 22a- •* on a portion of transparent glass substrate part 23 
on said substrate 21, forming light-receiving parts 32a- on a portion of transparent 
glass substrate part 33 on the substrate 31 so as no to overlap with said light-receiving 
parts 22a- forming light-receiving parts 42a- on a portion of transparent glass 
substrate part 43 on the substrate 41 so as not to overlap with said light-receiving parts 
22a- •• and 32a- and letting non-light-receiving region on each transparent glass 
substrate part serve as light-transmitting region, so that the light emitted from 
light-emitting part 12a- • which the light-emitting element array 12 corresponds to can 
reach each of light-receiving parts 22a---, 32a--- and 42a--- respectively on optical 
transmission electronic circuit substrates 21, 31, and 41 set in multiple layers. 
[Scope of Claim] 
[Claim 1] 

An optical transmission electronic circuit substrate comprising an electronic 
circuit region equipped with an electronic circuit, a light-receiving region equipped with 
a light-receiving element, and a light-transmitting region for getting the light through. 
[Claim 2] 

An optical transmission electronic circuit substrate according to claim 1, which 
has transparent substrate part with said light-receiving element formed on a portion of it, 
and the region in which that light-receiving element is not formed includes said 
light-transmitting region. 
[Claim 3] 

An optical transmission electronic circuit substrate device characterized in that 
optical transmission electronic circuit substrates according to claim 1 or claim 2 are set 
in multiple layers, and that said each substrate has light-transmitting region formed in 
the part which corresponds to the part where light-receiving element is formed in other 
substrates so that the light from the corresponding light-emitting element out of plural 
light-emitting elements reaches each light-receiving element on optical transmission 
electronic circuit substrates set in multiple layers. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an optical transmission electronic circuit 
substrate device equipped with optical transmission electronic circuit substrates and 
optical data bus line which is often used for optical computers or the like. 
[0002] 
[Prior Art] 

Figure 3 is a perspective view of a conventional optical transmission electronic 
circuit substrate device equipped with an optical data bus line. This optical 
transmission electronic circuit substrate device comprises optical transmission 
electronic circuit substrates 51 and 61, and transmits the data generated in electronic 
circuits 55* •■ set on the optical transmission electronic circuit substrate 51 to the other 
optical transmission electronic circuit substrates 65- set on the optical transmission 
electronic circuit substrate 61 by optical data bus line. 
[0003] 

That is to say, the optical transmission electronic circuit substrate 51 is 
equipped with the light-emitting element array 52, and the light for transmitting data is 
emitted from any light-emitting part 52a on this light-emitting element array 52 to the 
other optical transmission electronic circuit substrate 61. The other optical 
transmission electronic circuit substrate 61 is equipped with light-receiving array 62 
which has the light-receiving parts 62a in the way each of them corresponds to each 
light-emitting part 52a on said light-emitting element array 52, and obtains the data by 
receiving said light at any light-receiving part 62a. 
[0004] 

[Problem to be Solved by the Invention] 

The conventional optical transmission electronic circuit substrate device above 
can transmit data by light only from one part to one part, that is to say, between the 
optical transmission electronic circuit substrate 51 and the optical transmission 
electronic circuit substrate 61. So, all the processing circuits to use the data 
transmitted from the optical transmission electronic circuit substrate 51 are required to 
be set on the optical transmission electronic circuit substrate 61. Therefore, many 
electronic circuits 65-" have to be mounted on the optical transmission electronic 
circuit substrate 61, which makes the size of the substrate large and miniaturization of 
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equipments harder. Also, signal delay and electromagnetic radiation caused by long 

wiring can have harmful effects on the performance. 

[0005] 

And so, it can be considered to set a light-emitting element array on the optical 
transmission electronic circuit substrate 61 also and transform the data converted to 
electronic signal at said light-receiving element array 62 into transmission light, and 
emit this transmission light toward the other optical transmission electronic circuit 
substrate which is not shown in the figure set on the upper side in the figure of the 
optical transmission electronic circuit substrate 61, so that the optical data transmission 
between one light-emitting part and plural light-receiving parts is possible. In this way, 
however, the optical transmission electronic circuit substrate 61 is to be equipped with 
light-emitting element array only for relaying transmission light, which causes not only 
high cost but also the enlargement of the size for setting the light-emitting element 
array. 
[0006] 

In view of the foregoing, it is an object of the present invention to provide an 
s optical transmission electronic circuit substrate and an optical transmission electronic 
circuit substrate circuit [sic] that realize the one-to-plural optical data transmission with 
low cost and small size by giving the light from the light-emitting element array directly 
to each optical transmission electronic circuit substrate set in multiple layers. 
[0007] 

[Means for Solving the Problem] 

The optical transmission electronic circuit substrate of the present invention 
has an electronic circuit region where an electronic circuit is mounted, a light-receiving 
region where light-receiving element is set, and a light-transmitting region for getting 
the light through. Further, in the foregoing structure, the substrate may have a 
transparent substrate part with said light-receiving element formed on a portion of it so 
that the region with no light-receiving element includes said light-transmitting region. 
Here, if the optical transmission electronic circuit substrate is an opaque substrate, an 
opening may be made so that the transparent substrate part is set fixed there, and if the 
optical transmission electronic circuit substrate itself is transparent, light-receiving 
element may be set directly on the substrate because the optical transmission electronic 
circuit substrate itself serves as a transparent substrate part. 
[0008] 

The optical transmission electronic circuit substrate device of the present 
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invention is also characterized in that the optical transmission electronic circuit 
substrates that have foregoing structure are set in multiple layers, and that said each 
substrate has light-transmitting region formed in the part which corresponds to the part 
where light-receiving element is formed in other substrates so that the light from the 
corresponding light-emitting element out of plural light-emitting elements reaches each 
light-receiving element on optical transmission electronic circuit substrates set in 
multiple layers. 
[0009] 

With the foregoing structure, the optical transmission electronic circuit 
substrate set in the first tier that is closest to the light-emitting element array can receive 
the data it requires directly by receiving the light from said light-emitting element array 
with the light-receiving element it has, the optical transmission electronic circuit 
substrate set in the second tier above said optical transmission electronic circuit 
substrate set in the first tier can receive the data it requires directly by receiving the 
transmission light that has got through the light-transmitting region on the optical 
transmission electronic circuit substrate in the first tier with the light-receiving element 
it has, and other optical transmission electronic circuit substrates in the subsequent tiers 
such as third or fourth tier can receive the data directly by receiving the transmission 
light that has got through the light-transmitting region on the optical transmission 
electronic circuit substrate in the previous tier. 
[0010] 

By the foregoing means, the optical transmission between one light-emitting 
part and plural light-receiving parts is possible, and the miniaturization of equipments 
can be achieved by reducing the processing circuits that each optical transmission 
electronic circuit substrate should have, making the substrate size smaller, and setting 
the substrates in multiple layers. Further, since the optical transmission electronic 
circuit substrate need not be equipped with a light-emitting element array only for 
relaying the transmission light, high cost and enlargement of size caused by equipping 
with such light-emitting element array can be avoided. 
[0011] 

Further, although a light-transmitting region can be made by simply forming in 
the substrate a small through-hole which corresponds to the size of each light-receiving 
part on a light-receiving element array, there's a possibility that defectives can occur 
during this through-hole forming process, also it leads to the strength reduction of the 
substrate. As described above, it is preferable to use transparent substrate parts 
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because said through-hole forming process can be cut out and the strength reduction of 
the substrate can be avoided by letting a transparent substrate part a light-transmitting 
region. 
[0012] 

[Embodiment Modes of the Invention] 

Embodiment modes of the present invention will be described hereinafter with 
reference to the drawings. 
[0013] 

Figure 1 is a perspective figure of the optical transmission electronic circuit 
substrate device of this embodiment. This optical transmission electronic circuit 
substrate device comprises the optical transmission electronic circuit substrates 11, 21, 
31 and 41, and the data transmission that transmit the data generated at the electric 
circuits 15- set on the optical transmission electronic circuit substrate 11 to the 
electronic circuits 25" 35*-" and 45" ■ set on other optical transmission electronic 
circuit substrates 21, 31 and 41 is performed by optical data bus line. 
[0014] 

The optical transmission electronic circuit substrate 11 is equipped with a 
light-emitting element array 12, and the transmission light for data transmission is 
emitted from any light-emitting part 12a on the light-emitting element array 12 toward 
the other optical transmission electronic circuit substrates 21, 31 and 41. The 
light-emitting element array 12 uses an infrared surface emitting light laser diode (the 
wavelength 860 nm) that is driven independently as a light-emitting part 12a, and 3x3 
arrangement of them with a pitch of 300 U m constitutes this light-emitting element 
array 12. On the front side of the light-emitting element array 12, a collimator lens array 
9 to change the light irradiated from each light-emitting part 12a into parallel light is 
set. 
[0015] 

The light transmission electronic circuit substrate 21 comprises the electronic 
circuit region where electronic circuits 25* •* are mounted, the light-receiving region 
where the light-receiving element array 22 is formed, and the light-transmitting region 
comprising the transparent glass substrate part 23 that is set fixed at the opening not 
shown in the figure. The electronic circuits 25 # -- and the light-receiving element 
array 22 are connected by wiring 26- ••. The light-receiving element array 22 is 
equipped with three light-receiving parts 22a- • that correspond to three light-emitting 
parts 12a- out of each light-emitting part 12a- on said light-emitting element array 
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12, and it receives the data from the light transmission electronic circuit substrate 11 by 

receiving the transmission light with these light-receiving parts 22a. 

[0016] 

The light-receiving parts 22a'*- are formed using a part of all the region on 
said glass substrate part 23. And on the region of this transparent glass substrate 23, 
the region where said light-receiving part 22a is not formed is the light-transmitting 
region. Although a through-hole may make up the light-transmitting region, the 
process of forming a through-hole is unnecessary and the strength reduction of the 
substrate can be avoided by using the transparent glass substrate part 23 as the 
light-transmitting region. 
[0017] 

The optical transmission electronic circuit substrate 31 comprises the electronic 
circuit region where the electronic circuits 35*" are mounted, the light-receiving region 
where the light-receiving element array 32 is formed, and the light-transmitting region 
comprising the transparent glass substrate 33 that is set fixed at the opening not shown 
in the figure. The electronic circuits 35*" and the light-receiving element array 32 are 
connected by wiring 36" # . The light-receiving element array 32 is equipped with three 
light-receiving parts 32a*" that correspond to three light-emitting parts 12a*" (except 
the one corresponds to said optical transmission electronic circuit substrate 21) out of 
each light-emitting part 12a*" on said light-emitting element array 12, and it receives 
the data from the light transmission electronic circuit substrate 11 by receiving the 
transmission light with these light-receiving parts 32a. The light-receiving parts 32a* ** 
are formed using a part of all the region on said glass substrate part 33. And on the 
region of this transparent glass substrate 33, the region where said light-receiving part 
32a is not formed is the light-transmitting region. 
[0018] 

The optical transmission electronic circuit substrate 41 comprises the electronic 
circuit region where the electronic circuits 45*" are mounted, the light-receiving region 
where the light-receiving element array 42 is formed, and the light-transmitting region 
comprising the transparent glass substrate 43 that is set fixed at the opening not shown 
in the figure. The electronic circuits 45*" and the light-receiving element array 42 are 
connected by wiring 46* * * . The light-receiving element array 42 is equipped with three 
light-receiving parts 42a" * that correspond to three light-emitting parts 12a*" (except 
the ones correspond to said optical transmission electronic circuit substrate 21 and the 
optical transmission electronic circuit substrate 31) out of each light-emitting part 12a* " 
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on said light-emitting element array 12, and it receives the data from the light 
transmission electronic circuit substrate 11 by receiving the transmission light with 
these light-receiving parts 42a. The light-receiving parts 42a- are formed using a part 
of all the region on said glass substrate part 43. And on the region of this transparent 
glass substrate 43, the region where said light-receiving part 42a is not formed is the 
light-transmitting region. 
[0019] 

Figure 2 is a perspective figure of one light-receiving part 22a (32a, 42a) 
formed on said transparent glass substrate part 23 (33, 43). Quartz glass 
(approximately 1 mm thick) is used as a material to constitute the transparent glass 
substrate part 23. Although photodiode or phototransistor can be used for the 
light-receiving part 22a, the case where photoconduction-type photodetector is used will 
be described hereinafter. 
[0020] 

When forming the light-receiving element array 22 comprising a 
photoconduction-type photodetector, for example, non-doped amorphous silicon (a-Si) 
thin film is deposited on the transparent glass substrate to approximately 1 Mm thick by 
CVD method, and the unnecessary part is removed by RIE (Reactive Ion Etching 
method) in accordance with light-receiving part pattern. In this step, the film is etched 
so that the thin film part for light-receiving is going to be 200 x 200 li m 2 . After that, 
electrode material is deposited on a-Si thin film by a vacuum deposition method, and 
electrode 8 is formed by photolithography process. Al was used as the electrode 
material. The line width of the electrode 8 on a-Si thin film was 5 Mm, the distance 
between the lines was 10 U m, and the number of the lines was 9. 
[0021] 

Next, an operation of the data transmission by light on the optical transmission 
electronic circuit substrate structured as foregoing will be described hereinafter. 
[0022] 

When the data generated by the electronic circuits 15~* on the optical 
transmission electronic circuit substrate 11 is supplied to the light-emitting element 
array 12 via wiring 16, any light-emitting part 12a on this light-emitting element array 
12 emits the transmission light toward the optical transmission electronic circuit 
substrates 21, 31 and 41. The emitted transmission light gets through the 
light-transmitting region when reaching there, and is caught by the light-receiving part 
when reaching the light-receiving part. 
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[0023] 

The optical transmission electronic circuit substrate 21 set in the first tier that is 
closest to the light-emitting element array 12 can receive the data it requires directly by 
receiving the transmission light from the light-emitting part 12a on said light-emitting 
element array 12 with the light receiving part 22a on the light-receiving element array 
22 it has. 
[0024] 

Also the optical transmission electronic circuit substrate 31 set in the second 
tier above said optical transmission electronic circuit substrate 21 in the first tier can 
receive the data it requires directly by receiving the transmission light that has got 
through the light-transmitting region 23 on the optical transmission electronic circuit 
substrate 21 in the first tier with the light-receiving element 32 it has. 
[0025] 

As described above, the optical transmission electronic circuit substrate 41 set 
in the third tier can receive the data directly by receiving the transmission light that has 
got through the light-transmitting region 33 on the optical transmission electronic circuit 
substrate 31 in the previous tier. 
[0026] 

As the foregoing, since the optical transmission between one light-emitting part 
and plural light-receiving parts is possible, the miniaturization of devices can be 
achieved by reducing the processing circuits that the optical transmission electronic 
circuit substrate to be light-receiving side should have, making the substrate size smaller, 
and setting the substrates in multiple layers. Further, since the optical transmission 
electronic circuit substrate need not be equipped with a light-emitting element array 
only for relaying the transmission light, high cost and enlargement of size caused by 
equipping with such light-emitting element array can be avoided. 
[0027] 

Meanwhile, in the foregoing embodiment, the substrates 11, 21, 31 and 41 are 
opaque substrates such as epoxy resin substrate, and in this case, openings (not shown 
in the figure) are formed on the substrates 21, 31 and 41, and the transparent glass 
substrate parts 23, 33 and 43 are set there. However, in the case that the substrates 21, 
31 and 41 are transparent glass substrates, the transparent glass substrate parts 23, 33 
and 43 may not be used and the light-receiving elements 22, 32 and 42 may be set 
directly on the substrates 21, 31 and 41. 
[0028] 
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Further, for example, for the optical transmission electronic circuit substrate 41 
to transmit the data processed by its own electronic circuit to other optical transmission 
electronic circuit substrate 21, setting a light-emitting element array on the optical 
transmission electronic circuit substrate 41, setting a light-transmitting part on the 
optical transmission electronic circuit substrate 31, and setting a light-receiving element 
array on the optical transmission electronic circuit substrate 21 can be considered. 
[0029] 

Further, the optical transmission electronic circuit substrate of this invention 
can be used, for example, in the form such as expansion slot for an optical computer, or 
in the form such as IC card. Also, plural optical transmission electronic circuit 
substrates can be packed in one package so that it has a structure which looks like one 
circuit substrate. 
[0030] 

[Effect of the Invention] 

As described hereinbefore, using the present invention, the miniaturization of 
devices can be achieved by reducing the processing circuits that the optical transmission 
electronic circuit substrate should have, and making the substrate size smaller. Further, 
since the optical transmission electronic circuit substrate need not be equipped with a 
light-emitting element array only for relaying the transmission light, there is a good 
effect that high cost and enlargement of size caused by equipping with such 
light-emitting element array can be avoided. 

[Brief Description of the Drawings] 

Figure 1 is a perspective view of an optical transmission electronic circuit 
substrate device of the present invention. 

Figure 2 is a perspective view of one light-receiving part formed on a 
transparent glass substrate part of the present invention. 

Figure 3 is a perspective view of a conventional optical transmission electronic 
circuit substrate device. 
[Description of the Reference Symbols] 

11, 21, 31 and 41: optical transmission electronic circuit substrate 

12: light-emitting element array 

12a: light-emitting part 

15, 25, 35 and 45: electronic circuit 

22, 32 and 42: light-receiving element array 
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22a, 32a and 42a: light-receiving part 

23, 33 and 43: transparent glass substrate part 
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